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ABSTRACT 
 
Objective. To describe the development, implementation, and evaluation of the multiple mini-interview (MMI) 
within a PharmD admissions model.  
 
Methods. Demographic data and academic indicators were collected for all candidates who participated in 
Candidates’ Day (n = 253), along with the score for each MMI station criteria (7 stations). A survey was 
administered to all candidates that completed the MMI and another survey was administered to all interviewers to 
examine perceptions of the MMI. A three-facet multifaceted Rasch measurement (MFRM) analysis was completed 
to determine interviewer severity, candidate ability, and MMI station difficulty using data from Chapel Hill and 
Asheville. Data for the Asheville MFRM included both 2013-2014 and 2014-2015 admission cycles while the 
Chapel Hill MFRM analyzed data from the 2013-2014 cycle alone. 
 
Results. Analyses suggest that MMI stations assessed different attributes as designed, with Cronbach’s alpha for 
each station ranging from 0.90 to 0.95. All correlations between MMI station scores and academic indicators were 
negligible (rp < 0.2). No significant differences in average station scores were found based on age, gender, or race. 
Surveys indicated the MMI was generally considered acceptable by candidates and faculty. The MFRMs found 
differences in candidate ability explained 36-45% of the variance in MMI scores while differences in interviewer 
severity explained 9-16% of the variance in MMI scores.  
 
Conclusion. This study provides additional support for the use of the MMI as an admissions tool in pharmacy 
education.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 INTRODUCTION 
In addition to cognitive skills or academic ability, non-cognitive attributes are vital to the success of 
healthcare providers. Non-cognitive attributes, also referred to as professional attributes or skills, generally include 
non-academic indicators such as empathy, collaboration, leadership, and integrity. A growing body of literature 
demonstrates the need for healthcare providers to possess these non-cognitive skills, including the ability to work 
collaboratively on interdisciplinary healthcare teams and communicate effectively.1-7 The success of pharmacists 
amid ongoing healthcare reform is likely to depend on the development of these skills as they take on expanded 
roles. 
The evolving healthcare environment and growing importance of non-cognitive skills in the workplace has 
prompted numerous calls for curricular reform in the health professions.4-7 The UNC Eshelman School of Pharmacy 
is in the midst of redesigning its doctor of pharmacy curriculum in order to transform education, enlighten students, 
and ultimately to advance health care.8 Desired outcomes of the new curriculum include: exemplary practitioners 
who provide high-quality, team-based, patient-centered care; leaders and innovators who recognize the healthcare 
needs of patients and society and who lead teams toward improvement and change for the betterment of patient care; 
and lifelong learners who continually strive for positive impact.8 The new curriculum places a renewed emphasis on 
non-cognitive attributes that will help student pharmacists prepare for and participate in class, contribute to 
innovative problem solving, adapt to a changing healthcare system, and work as part of a healthcare team to solve 
complex problems. 
As pharmacists take on more responsibility in the care of patients and curricula are redesigned to meet 
these changes, pharmacy educators must be prepared to design and implement strategies for identifying and 
developing these professional attributes in student pharmacists.7,9 To assess the non-cognitive attributes of 
prospective student pharmacists, schools have traditionally used the structured interview. This approach typically 
consists of 1-2 interviewers spending time with a single candidate, asking pre-determined questions and engaging in 
discussion about the candidate’s experiences, opinions, and/or beliefs. However, research suggests that the 
subjectivity and bias associated with this approach can compromise the validity and reliability of interview 
results.10,11 In addition, evidence of a correlation between structured interview scores and success as a student or 
practitioner is lacking.12,13 To address the shortcomings of the structured interview, the multiple mini-interview 
(MMI) was developed and implemented as an admissions tool in Michael DeGroote Medical School at McMaster 
University.14 The logistics of the MMI are similar to those of an Objective Structured Clinical Exam (OSCE), which 
consists of multiple stations, approximately 5-10, in which the candidate has a short amount of time, generally 5-10 
minutes, to respond to a situational prompt or case. Unlike structured interviews, the MMI allows the candidate to 
independently interact with multiple interviewers. Having these multiple, independent and focused interactions can 
reduce bias in assessing candidates.14  
The MMI was developed to discriminate amongst prospective students based on non-cognitive abilities, 
and ideally better predict which applicants would be the most successful practitioners.14 Since its first description in 
the literature, the MMI has been replicated in many medical schools and, more recently, in pharmacy schools, 
pharmacy and medical residency programs, and veterinary schools.14-21 Across these settings, a number of studies 
provide evidence that suggests the MMI is a useful admissions tool for measuring professional attributes. In a 
systematic review of studies exploring the use of the MMI for student selection in health professions training, Pau et 
al.22 concluded that candidates and interviewers find the process acceptable and fair. Additionally, MMI 
performance does not strongly correlate with previous academic performance and appears to successfully evaluate 
non-academic traits as intended.22 There is some evidence that the MMI is predictive of success as a practitioner, as 
performance on the MMI has been shown to be predictive of clerkship performance in medical students.12  
Given the importance of non-cognitive attributes in achieving the outcomes of the proposed new 
curriculum, the School identified the need to design and implement a new admissions model that would effectively 
identify and select students that possess characteristics likely to aid their success in the new curriculum and beyond. 
For the 2013-2014 admissions cycle, the UNC Eshelman School of Pharmacy implemented the MMI model as part 
of the doctor of pharmacy admissions process. The purpose of this paper is to describe the development, 
implementation, and evaluation of the MMI as an admissions tool at the UNC Eshelman School of Pharmacy. 
Evaluations of the MMI included: surveys of faculty and candidate impressions, analyses of correlation between 
candidate baseline characteristics and MMI performance, factor analysis of MMI stations, and multifaceted Rasch 
measurement (MFRM) of Chapel Hill and Asheville MMIs. Some of these data have been published23,24 and other 
data have been submitted for publication.25 This study is unique, as it examines a PharmD program in the United 
States using the MMI to replace the previous interview process and not just as a pilot program.  
 
METHODS 
 
Development 
Planning for the new doctor of pharmacy admissions model began in the spring of 2012. A faculty 
committee with student representation was formed to design the new admissions model and determine the best 
interview method as a part of the new model. The committee realized the importance of non-cognitive assessment in 
the admissions process and identified several methods to evaluate non-cognitive attributes. After much research and 
discussion, the MMI was selected as the preferred interview technique based on literature supporting its use in 
reliably assessing non-cognitive attributes with less bias than traditional interview methods.26-28 
In the fall of 2012, the committee researched companies that could assist with administration of MMIs and 
found ProFitHR Candidate Assessment System, developed by faculty at McMaster University.29 Select committee 
members met with developers from ProFitHR and with faculty at two other schools of pharmacy with experience 
using ProFitHR and the MMI to gather information about the process and tips for success. This part of the process 
was invaluable to the planning and the committee decided to use ProFitHR to assist with the MMI administration, 
specifically supplying validated scenarios for evaluation of non-cognitive attributes. 
The next step of the process was planning the implementation of the MMI within the School’s three 
Candidates’ Days during the 2013-2014 academic year. The goal of Candidates’ Day was not only to interview 
candidates, but for them to 1) learn more about the School and the PharmD program, 2) experience the culture of the 
School, and 3) meet and interact with current students, faculty, and staff. Each Candidates’ Day was scheduled to 
include a brief welcome and overview of the day’s events followed by 3 concurrent sessions: 1) the MMI; 2) a mock 
class; and 3) an overview of the Office of Student Affairs’ programs and services designed to support enrolled 
students, along with a school tour. After candidates completed the three concurrent morning sessions, they were 
scheduled to eat lunch with current students and then attend faculty and student panels in the afternoon where they 
could ask specific questions about the PharmD program and student life. 
Since the MMI method was drastically different from the structured interview used previously, the 
importance of efficient, effective, and complete training for the interviewers was realized. Two months prior to the 
first Candidates’ Day of the 2013-2014 academic year, faculty members from all academic divisions within the 
School were solicited to serve as interviewers for all 3 Candidates’ Days. It was deemed important that all academic 
divisions were represented and invested in the process. Off-campus faculty also participated in the process. Twenty-
eight faculty from across all academic divisions and from off campus were distributed throughout the various MMI 
circuits. 
Interviewers were asked to view offloaded (available online) training documents on their own time before 
attending a mandatory, 90-minute live training session one month prior to the first Candidates’ Day. Using 
established MMI research and documents provided through ProFitHR, an offloaded training presentation was 
developed that included the history and development of the MMI, benefits of its use in the admissions process, an 
overview of the MMI process on Candidates’ Day, expectations for the interviewers, and sample MMI scenarios and 
probing questions. The in-person training highlighted important aspects of the MMI process, and focused on the role 
and expectations of the interviewers on the day of the MMI. Trainees were asked to role-play 3 MMI scenarios; one 
participant acted as the candidate and the other participant acted as the interviewer. The trainees were timed and 
asked to go through the MMI process, as if it were an actual interview. Afterward, they were asked to reflect on their 
role playing experience, and the facilitator and other trainees offered feedback. 
 
Implementation 
The MMI was designed and implemented according to available space and Candidates’ Day logistics. 
Based on research, the committee identified the need for 7 MMI stations, with 6 stations evaluating non-cognitive 
attributes previously determined to be vital for success in the doctor of pharmacy program and pharmacy practice 
(integrity, adaptability, empathy, critical thinking, and 2 teamwork stations) and the 7th station asking each candidate 
why s/he was interested in our school of pharmacy. The 7th station was less structured to provide candidates an 
opportunity to tell the interviewer more about themselves. In addition, Stations 1 and 2 were designed to measure 
related teamwork constructs. Using scenarios provided by ProFitHR, members of the admissions committee selected 
and reviewed specific MMI scenarios that targeted each non-cognitive attribute, which were further reviewed by the 
MMI interviewers prior to Candidates’ Day for face validity. Similar but not identical scenarios were selected for 
each Candidates’ Day but the same 6 non-cognitive attributes were evaluated at all Candidates’ Days. 
Candidates’ Days were held on both the Chapel Hill campus and on the satellite campus in Asheville, 
North Carolina. In Chapel Hill, the MMI consisted of 3 one-hour circuits scheduled consecutively within a 3-hour 
block. In each of the one-hour circuits, there were 4 concurrent MMI groups in 4 separate locations within the 
School (see Figures 1 and 2). Each MMI contained the 7 stations described above, with one faculty member 
assigned to each station. With this model, it was possible to accommodate 84 candidates per Candidates’ Day and 
required 28 faculty interviewers and 4 staff members to keep time at the four MMI locations. On the Asheville 
campus, the MMI consisted of 3 consecutive MMI circuits in a 3-hour block with only one MMI group in one 
location. Seven interviewers were required and 1 staff member to keep time at the Asheville campus. Up to 21 
candidates per Candidates’ Day could be accommodated on the satellite campus. Faculty office suites were used as 
MMI locations to allow the close proximity of interview stations. Each candidate had 2 minutes to read the scenario 
before entering the interview room and 6 minutes to talk with the interviewer.  
 
Evaluation 
Demographic data, including race, gender, age, degree status, and academic indicators, including 
undergraduate grade point average (uGPA), Pharmacy College Admissions Test (PCAT) composite score, and 
PCAT subscores (i.e., biology, chemistry, quantitative, analytical, and verbal) were collected for all candidates that 
participated in the MMI within the 2013-2014 admissions cycle. During the MMI, the score for each station criteria, 
measured on a 10-point scale, was recorded. For 6 of the 7 stations, this included a score for: 1) the construct of 
interest (i.e. non-cognitive attribute); 2) communication; 3) critical thinking; and 4) overall performance at the 
station. For the other station, critical thinking was the construct of interest so only 3 of the criteria (i.e. the construct 
of interest, communication, and overall performance) were scored and recorded for that station.  
To examine perceptions of the MMI, one survey was developed and administered to all candidates that 
completed the MMI and Candidates’ Day; and a second survey was developed and administered to all interviewers 
that assessed candidates during the MMI. One week after attending Candidates’ Day, the candidate survey was 
administered to candidates via email. The survey asked general questions about the candidates’ impression of the 
overall day, as well as questions about their experience with the MMI. The interviewer survey was administered 
after all the Candidates’ Days were complete and asked questions about perceptions of the MMI training and 
implementation. All surveys were administered electronically via email and completed anonymously.  
 All quantitative data analysis was performed in SPSS for Windows, Version 21 (IBM, 2012). Data for the 3 
days were aggregated for all analyses. Descriptive statistics for the candidate pool and each MMI station were 
calculated. A candidate’s final score for each station was calculated by averaging the scores of all criteria assessed at 
that station. Independent t-tests were used to examine differences between 2 groups. Due to small sample sizes in 
some demographic groups, Kruskal-Wallis one-way analysis of variance was performed to compare outcomes for 
more than 2 groups. Pearson’s rho was used to investigate correlations between continuous variables and the internal 
consistency reliability of each station was examined using Cronbach’s alpha. An exploratory factor analysis was 
conducted with a principal components analysis and varimax rotation to determine the dimensionality of the MMI 
data. The Kaiser rule (i.e. eigenvalues > 1.0) was used to determine the number of factors to extract. Continuous 
data are presented as mean ± SD. Statistical significance was established at α =0.05. All survey data were analyzed 
using descriptive statistics performed in SPSS for Windows, v21 (IBM, Armonk, NY). 
 Multifaceted Rasch Measurement 
 
A three-facet MFRM analysis was completed to determine interviewer severity, candidate ability, and MMI 
station difficulty based on the candidate’s average score for each station. FACETS Version 3.71.4 (Beaverton, 
Oregon) was used to analyze the three facets simultaneously and independently so that they could be calibrated onto 
a single scale. Maximum likelihood methods provided individual interviewer severity measures, candidate ability 
measures, and station difficulty measures. Of note, the ratings for each candidate were transformed into a logit score 
and adjusted based on the other facets in the model by FACETS to determine a fair candidate score. This approach 
provided error variances associated with each facet and described the performance of each individual interviewer, 
candidate, and station included in the analysis. 
Separate MFRMs were used to analyze data from the Chapel Hill and Asheville MMIs. In previous studies 
this technique has been used to analyze the MMI although prior to this study the literature has yet to describe an 
analysis specific to satellite campus data. By performing a separate MFRM specific to satellite campus data, it was 
possible to independently assess for variability in interviewer severity, candidate ability, and station difficulty. 
Analysis of the Asheville MMI included data from both 2013-2014 and 2014-2015 admission cycles due to the 
smaller size of the satellite campus while analysis of the Chapel Hill MMI included only data from the 2013-2014 
admission cycle. 
 
Chapel Hill Campus  
In the Chapel Hill MFRM, there were 37 interviewers, 214 candidates, and 7 stations, which produced a 
total of 1,498 ratings. FACETS confirmed that there was sufficient linkage in the data so all facets were retained in 
the model. In the initial analysis, all ratings from the MMI were entered into the model with candidates, 
interviewers, and stations as facets. There were no missing data.  
 The results of an MFRM analysis in FACETS provide Infit and Outfit mean-square (MnSq) error statistics 
for each interviewer, candidate, and station. Large fit statistics can indicate surprising or unexpected results while 
small fit statistics can indicate lack of variability in ratings. More specifically, outfit statistics are unweighted MnSq 
residual statistics that are sensitive to outlying or unexpected results while Infit MnSq statistics are weighted values 
that are less sensitive to outliers. Lower and upper model fit control limits for this study were set at 0.5 and 1.7, 
respectively.26 While fit statistics below 0.5 are not ideal, they are not believed to distort the measurement system.26  
 Standard procedures for developing the final MFRM were followed.30 Using results from the initial MFRM 
analysis, the fit statistics for each candidate were examined. To promote fit of data to the model, candidates with 
Outfit MnSq values equal to or greater than 2.0 were identified and any individual ratings that appeared misfitted for 
those candidates were subsequently removed (n = 29 ratings). Following visual inspection of the remaining data, 
additional misfitting ratings for candidates with an Outfit MnSq greater than 1.7 that appeared to be anomalous 
outliers were removed from the data file (n = 21 ratings). Nine remaining Outfit MnSq values (0.6%) fell between 
1.7 and 2.0 but did not appear to indicate anomalous outliers and were retained. The results presented are from the 
MFRM analysis of the final set of 1,448 ratings, which included ratings from all 37 interviewers and all 214 
candidates.  
 
Asheville Campus 
A total of 15 interviewers, 73 candidates, and 7 stations were included in the study resulting in a total of 
511 ratings. This included all interviewers, candidates, and stations. No data were missing. To assess interviewer 
severity, station difficulty, and candidate ability, a three-facet MFRM was conducted. This analysis was based on 
candidates’ average scores for each station. Minifac Version 3.71.4 (Beaverton, Oregon), a free version of FACETS 
only capable of analyzing smaller data sets such as the 511 ratings from Asheville MMIs, was used to analyze the 3 
facets simultaneously and independently in order to calibrate them onto a single logit scale.  
 Minifac provides mean-square (MnSq) error statistics to describe the degree to which each interviewer, 
candidate, and station fit within the MFRM. These fit statistics are either unweighted Outfit MnSq scores, a measure 
sensitive to outliers, or weighted Infit MnSq scores, which are less sensitive to outliers. MnSq values greater than 1 
indicate an unexpected level of variability. A MnSq value equal to 1 indicates the facet fit exactly as expected in the 
MFRM. In the case of a MnSq less than 1, there is less variability than expected. When MnSq values are greater 
than 2.0 they can disrupt the MFRM, introducing excessive variability, while MnSq values less than 0.5 are often 
considered to represent too little variability but do not destabilize the model.31 
 After the initial MFRM model was run, MnSq values were examined by hand for each candidate. Due to 
the potential for values greater than 2.0 to destabilize the model, candidates with Infit or Outfit MnSq values of this 
magnitude were identified as outliers and corresponding anomalous data points were removed from the analysis. In 
this analysis, a total of 5 data points (0.98% of total data points) were removed, leaving a total of 506 data points in 
the final analysis. This study was submitted and considered exempt from further review by the Institutional Review 
Board of the University of North Carolina at Chapel Hill. 
 
RESULTS 
 
Descriptive Statistics 
As seen in Table 1, a total of 253 candidates were assessed during Candidates’ Day with the MMI during 
the 2013-2014 admission cycle. One-hundred and sixty-two (63.5%) of the MMI participants were female, 235 (n = 
92.2%) possessed a bachelor’s degree or higher, 152 (60.1%) were white, and the mean age was 22.17 ± 3.41 years. 
Mean composite PCAT score of MMI participants was 87.47 ± 11.51 and mean uGPA was 3.54 ± 0.31.  
 
MMI Properties  
 Mean scores for each station were: Station 1 (teamwork 1), 6.66 ± 1.74 (range 2-10); Station 2 (teamwork 
2), 6.70 ± 1.88 (range 1-10); Station 3 (integrity), 7.17 ± 1.75 (range 1.75-10); Station 4 (adaptability), 7.22 ± 1.67 
(range 3-10); Station 5 (empathy), 7.14 ± 1.63 (range 1.75-10); Station 6 (critical thinking), 6.91 ± 1.99 (range 2-
10); and Station 7 (why UNC), 7.09 ± 1.88 (range 2-10). When examining the relationship between MMI station 
scores (stations 1-7) and academic indicators (uGPA, composite PCAT, and all PCAT subscores), all correlations 
were negligible and nonsignificant (rp ≤ 0.2). In addition, age presented a negligible and nonsignificant relationship 
with each of the 7 stations (rp ≤ 0.2). An independent t-test found no significant difference in average station scores 
based on gender. Kruskal-Wallace one-way analysis of variance indicated no significant difference in average 
station scores based on race. However, results indicated that students with less than a bachelor’s degree scored lower 
overall on the unstructured station (5.94 ± 2.34) than students with a bachelor’s (7.09 ± 1.97, p = 0.06) or post-
graduate degree (7.87 ± 2.26, p =0.02).  
 In a factor analysis of MMI scores, each station formed a single factor with loads ranging from 0.80 to 
0.95, as seen in Table 2. The factor analysis converged in 6 iterations and accounted for a total of 87.25% of the 
total variance. The correlations between stations, based on average scores, and Cronbach’s alpha (in parentheses) are 
shown in Table 3. Intercorrelations ranged from 0.16 to 0.62. Because the constructs measured in stations 1 and 2 
were related, it is not surprising that these two stations presented a strong positive correlation. Cronbach’s alpha was 
greater than 0.90 for all stations (range 0.92 to 0.96), suggesting that the items used to compute scores for each 
station demonstrated high internal consistency.   
 
Survey Results 
 Of the 253 candidates that participated in the MMI during the 2013-2014 admission cycle, 171 (67.6%) 
completed an online feedback survey about their experiences and perceptions of Candidates’ Day (Table 4). Only 
19.9% of respondents indicated having participated in an MMI prior to the interview at the UNC Eshelman School 
of Pharmacy. On a five-point Likert scale ranging from (1) strongly disagree to (5) strongly agree, 57.3% agreed or 
strongly agreed that the interviewers got to know me through the questions I answered (3.5 ± 1.0), 73.7% agreed or 
strongly agreed that the MMI allowed me to showcase communication, critical thinking, and opinion (3.9 ± 0.9), and 
67.8% agreed or strongly agreed that overall, I thought I did well in the MMI (3.7 ± 0.8). When considering the 
entire Candidates’ Day, which included the MMI, the majority of respondents (98.2%) agreed or strongly agreed 
that I had positive interactions with current students, faculty, interviewers, and staff (4.6 ± 0.5), and 98.9% agreed or 
strongly agreed that Candidates’ Day was a positive experience (4.5 ± 0.6). Following Candidates’ Day, 97.8% of 
respondents indicated that they were still interested in attending the UNC Eshelman School of Pharmacy. There 
were no significant differences found between mean responses based on the date that the candidate attended 
Candidates’ Day and participated in the MMI.  
 Thirty-five faculty (71.4% response rate) completed an online survey about the MMI training and 
implementation at the School. Seventy-five percent of respondents reported participating in the traditional 
(structured) interview in the past, 82.6% of which agreed that the MMI was a better interview method to assess a 
candidate’s non-cognitive attributes. Table 5 presents additional findings from the survey. Of note, 90.7% agreed or 
strongly agreed on a five-point Likert scale that after the interviewer training, I understood my role as an 
interviewer (4.1 ± 0.9) and 77.5% agreed or strongly agreed that the time commitment required as an interviewer 
was reasonable (3.8 ± 0.9). 
 
Multifaceted Rasch Measurement 
Chapel Hill Campus 
Each candidate (n = 214) completed all seven MMI stations. As seen in Table 6, 64% were female, 62% 
where white, and 93% held a Bachelor’s degree or higher. The average PCAT score for candidates was 88.33 ± 
11.06 and average undergraduate grade point average (GPA) was 3.55 ± .31. Interviewers (n = 37) represented all 
five academic divisions in the School. Thirteen interviewers participated in all three MMI days, 14 participated in 
two MMI days, and 10 participated in one MMI day. The MMI demonstrated high context specificity and sound 
psychometric properties, with station reliability ranging from 0.92 to 0.96 as indicated by Cronbach’s alpha.32   
 Using the three facets entered into the model (interviewer severity, candidate ability, and station difficulty), 
the Rasch measures explained 62.84% of the variance in the ratings. Figure 3 illustrates the positioning of all 37 
interviewers, 214 candidates, and 7 stations on an equal interval logit scale, ranging from -3 to +4 logits. This figure 
illustrates ability measures for the candidates in the third column, as estimated from MMI scores, interviewer 
severity, and station difficulty.  
Interviewer Severity: Differences in interviewer severity explained 16.09% of the variance in the data. None of the 
interviewers had Infit or Outfit MnSq scores greater than 1.7, meaning that none of the interviewers assigned one or 
more ratings to candidates that were surprising or unexpected. Two of the interviewers (5.4%) had Infit and Outfit 
MnSq scores less than 0.5, suggesting that those interviewers used little variation in a pattern of ratings.  
Candidate Ability: Differences in candidate ability explained 45.28% of the variance in the data. Nine candidates 
presented Outfit MnSq values that fell between 1.7 and 2.0 but ratings for these candidates did not appear to contain 
anomalous outliers. Candidate noncognitive ability showed wide variation, with measures ranging from 3.21 logits 
(highest performing) to -2.77 logits (lowest performing) as seen on Figure 3. A reliability index of 0.86 suggested 
that the candidates were reliably separated.  
Station Difficulty: Differences in station difficulty explained 1.85% of the variance in the data, with stations 
ranging in difficulty from -.36 to .21 logits. The Why UNC station was the easiest question (-.36 logits), followed by 
adaptability (-.17 logits), empathy (-.15 logits), teamwork/receiving instruction (.14 logits), integrity (.16 logits), 
teamwork/giving instruction (.17 logits), and critical thinking (.21 logits). The overall infit mean for stations was .98 
(range 0.96 to 1.09) and the overall outfit mean was .98 (range .75 to 1.11). A reliability index of 0.92 suggests that 
the stations were reliably separated and chi-square indicates that the stations were meaningfully separated with a 
high degree of confidence (p < 0.001). 
Rating Scale: The horizontal dotted lines in the “Scale” column of Figure 3 indicate the scale category thresholds, 
which illustrate the point at which the likelihood of receiving the next higher rating is equal to the likelihood of 
receiving the next lower rating. As indicated in Table 7, interviewers used categories 8, 9, and 7 to rate candidates 
the most frequently, at 24%, 19%, and 18% respectively. Table 7 indicates that the “average measure” for each 
category increases in magnitude as the rating scale categories increase, suggesting that candidates with higher 
ratings are in fact displaying the construct more convincingly than those with lower ratings.33,34 The Outfit MnSq 
statistics for the rating scale fall between the upper (1.7) and lower (.5) model fit limits, suggesting that each of the 
categories functioned as intended. 
 Asheville Campus  
Rasch measures from the three-facet MFRM accounted for 48.25% of total variance in candidates’ MMI 
scores, leaving 51.75% of variance unaccounted for by the model. Rater severity accounted for 9.06% of the 
variance, candidate ability accounted for 36.23% of the variance, and station difficulty accounted for 2.96% of the 
variance (see Figure 4).  
 Of 15 interviewers, all Infit and Outfit MnSqs were less than 1.7, meaning no interviewers displayed a 
significantly unexpected degree of variability in scoring candidates. Three of 15 interviewers (20%) had an Infit 
MnSq and Outfit MnSq of less than 0.5. These interviewers’ low MnSq values indicate lower variability in their 
rating of candidates during the MMI suggesting their ratings did not discriminate between candidates to the expected 
degree.  
 Of the 73 candidates and 506 data points included in the final analysis, 6 of the 73 candidates (8.22%) had 
Infit or Outfit MnSq values greater than 1.7 and 11 of the 73 candidates (15.07%) had Infit or Outfit MnSq values 
less than 0.5. Candidate scores spanned -2.1 to 1.3 logits when transformed to a logit scale (see Figure 5).  
 
DISCUSSION 
This paper details the development, implementation, and evaluation of the MMI as an admissions tool in 
pharmacy education. Specifically, the analyses reported here describe the psychometric properties of the MMI as an 
admissions assessment tool and the candidate and faculty perceptions of the MMI and its implementation at the 
UNC Eshelman School of Pharmacy. This is one of the first studies in pharmacy education to examine the 
psychometric properties of the MMI used in a doctor of pharmacy program admissions process. The findings of this 
study support the validity and reliability of the MMI and suggest that the MMI was well-received by candidates and 
interviewers.  
In general, the findings of this study suggest that the MMI is able to distinguish between the attributes it 
was designed to assess. The factor analysis revealed 7 distinct factors with high factor loads and the majority of 
variance accounted for by the analysis, providing support for content specificity. With the exception of stations 1 
and 2, which were measuring the related teamwork constructs, the weak to moderate correlations between stations 
suggest that the stations are in fact measuring different constructs. High Cronbach’s alpha scores provide evidence 
of consistency among subscores within each station and further support the stability of station scores for each 
candidate. While we cannot ensure that each station measured the intended construct, review of each scenario by 
multiple stakeholders served to strengthen face validity for each scenario. These results also support other studies 
examining the psychometric properties of the MMI.27 
Weak correlations between academic indicators and MMI scores indicate that the MMI is measuring 
something other than academic preparedness. This is consistent with the findings from previous studies in health 
sciences students where MMI scores were not associated with academic parameters or aptitude tests.22,26 This is 
important because the MMI was designed to assess non-cognitive attributes and not academic ability. Additionally, 
there were no significant differences found between MMI scores based on age, gender, and race, which suggests that 
the process was not biased toward these factors. This finding is supported by the interviewer survey, which found 
that the majority of interviewers agreed that every candidate had equal opportunity to demonstrate the non-cognitive 
attribute being assessed. Similar results have also been reported in studies of the MMI used in medical school 
admissions and medical residency interviews.15,26,28  
 During the interviewer training, interviewers were encouraged to utilize the entire scoring scale when 
evaluating applicants within a circuit. As seen in this study, interviewers used the full 10 points of the scale, 
effectively enabling differentiation in MMI performance between the candidates. On average, the candidates agreed 
that the MMI allowed me to showcase communication, critical thinking, and opinion and interviewers agreed that 
the MMI allowed them to effectively differentiate between applicants. With total MMI scores ranging from 7-70, 
this approach enabled the admissions committee to rank candidates based on their performance on the MMI with a 
large spread. However, moderate correlations between some stations suggest that future iterations of the MMI may 
benefit from further scenario refinement and additional interviewer training. 
 While the MMI provided valuable information for admissions decision making, this approach was also 
well-received by candidates. One consideration when redesigning the interview process was the candidates’ 
perception of and experience during the interview. The MMI is a more rigorous process where the interviewer’s role 
is to challenge the student, which can be uncomfortable for both the candidate and the interviewer. As the 
Candidates’ Day was being designed, this was considered in the design of other activities around the MMI so that 
candidates would have time to interact with faculty, staff, and current students outside of the MMI and experience 
the culture of the School. The survey to candidates indicated that they were accepting of the process, felt 
interviewers got to know them, and were able to showcase their communication and critical thinking skills. Similar 
results were found in studies by Razack et al.35 and Kumar et al.17 in an evaluation of the perception and satisfaction 
of applicants and interviewers within medical schools. 
 Faculty and staff interviewer investment in the process was also considered vital for success since the 
program was relying on these individuals to volunteer their time to assist with the MMI. Survey results indicate that 
interviewers were accepting of the MMI and agreed that it was a better tool for measuring non-cognitive attributes 
when compared to the previous interview method. They also felt the time requirement was reasonable. During the 
interviewer training, the importance of admitting the best students into the program, the rationale for the use of the 
MMI, and the reliance on the interviewers to help with the process were emphasized. Most of the interviewers were 
faculty who interact with students in the program on a daily basis in various courses or pharmacy practice 
experiences, so they had a vested interest in helping to select the students who possessed the desired non-cognitive 
attributes. 
The MFRMs presented in this paper support previous findings from other settings that the MMI can 
reliably separate candidates based on measures of ability. These results also suggest that this is the case in the setting 
of a satellite campus. Beyond supporting previous findings, the Chapel Hill MFRM accounted for 62% of variability 
in candidate scores, with 45% of this attributable to candidate ability. Asheville MFRM accounted for 48% of total 
variability in candidate scores, with 36% of this attributable to candidate ability. This is more than other MFRMs 
and variance explained by candidate ability alone is greater than total variance explained in some other published 
models.34,36 In addition to a relatively large proportion of variance explained by candidate ability in the Asheville 
MFRM, a comparatively small proportion of variability was found to be attributable to raters (9.06%), 
approximately one quarter the percentage attributable to candidate variability. The proportion of variability 
attributable to rater variability was somewhat higher in the Chapel Hill MFRM at 16%. Similar to previous MFRMs, 
there was minimal variability associated with the station difficulty. Previous literature has found less than 4% of 
variation attributable to station difficulty and in these models 2-3% of variation was found to be a result of 
stations.34,36 Some positive findings of this model may be attributable to the thorough training for interviewers 
involved in the MMI. Combining data from 2 admissions cycles in the Asheville MFRM may also contribute to the 
results as interviewers may have gained experience from the first admissions cycle, increasing the consistency of 
their ratings.   
 While rater variability accounted for a similar amount of variability compared to other MFRMs, some 
raters’ MnSq statistics suggested less variability in their ratings than expected.34,36 Three raters’ Infit and Outfit 
MnSq values were less than 0.5 in the Asheville MFRM indicating they likely did not sufficiently discriminate 
between candidates when scoring their performance. Low MnSq values are not ideal but they do not destabilize the 
model. MnSq values greater than 2.0 can destabilize the model. No raters were found to have MnSqs greater than 
1.7 suggesting that no raters scored candidates with an unexpected degree of variability. It is also important for 
raters to use the entire scale (1-10) in rating candidates’ performance to effectively discriminate between more and 
less qualified candidates. Raters appear to have somewhat successfully used the full range of scores, as seen in Table 
7 and Table 9, with most ranges spanning nearly the entire rating scale. Further interviewer training and experience 
may improve rater scoring patterns and improve the ability of the MMI to discriminate between candidates. 
 The models reported in this paper account for a relatively high proportion of variance compared to other 
published analyses of the MMI, yet they do not account for 38-52% of variability in candidate scores. This amount 
of background variability suggests there is room for improvement in the MMI. Further research of the MMI and 
techniques for decreasing variability in scoring may prove useful for improving the process. Refining scenarios to 
better target the intended constructs, ongoing interviewer training, and using experienced interviewers could also 
improve consistency. It may also be important to consider that the Asheville MFRM used a relatively small sample 
size due to the smaller size of the satellite campus MMI and that this sample included pooled data from 2 admissions 
cycles.  
 It is possible to gain great insight into the performance of the MMI as the MFRM provides statistics 
describing interviewer rating patterns, station appropriateness, and sources of variability in the process. The MFRM 
also provides adjusted scores for each candidate, or “fair scores” which are calculated based on interviewer rating 
patterns and station difficulty. While this functionality is unique to the MFRM, the UNC Eshelman School of 
Pharmacy uses a holistic approach to admissions that takes into consideration multiple factors, in addition to MMI 
scores. Due to this holistic process, it is difficult to determine whether or not an admissions decision would have 
been altered if adjusted MMI scores were used in admissions decisions. Regardless of whether or not a school 
chooses to adjust scores or use “fair scores” in admissions decisions, the MFRM still has great utility in assessing 
the MMI and provides evidence that the MMI can be effectively implemented as part of an admissions process. This 
study supports the validity and reliability of the process and provides insight on parts of the process that can be 
improved. 
 Identifying and measuring applicant attributes that are indicative of student pharmacist success is a 
complex undertaking.37-39 Limitations associated with rater bias and context specificity, for example, can challenge 
the identification and measurement of these attributes at the point of admissions. While the findings of this study 
suggest that the MMI provides valid and reliable information about non-cognitive attributes, there are several 
limitations worth noting. First, the single institution sample limits generalizability of results. As more pharmacy 
schools implement the MMI, these results should be considered within this growing body of literature. In addition, 
the association between MMI scores for this cohort and their academic performance in the program remains unclear. 
Future research will evaluate the relationship between MMI scores and performance in the curriculum. Ongoing 
assessment of the MMI and its use as a tool for identifying qualified applicants will further inform refinements to 
this approach. 
 
CONCLUSION 
 The MMI was implemented at the UNC Eshelman School of Pharmacy as a more valid and reliable 
strategy for measuring non-cognitive attributes in prospective students. The results from this study suggest that the 
MMI can differentiate between attributes and that it is successfully measuring something other than academic 
parameters. Based on MFRMs analyzing data from the Asheville MMI and Chapel Hill MMI there is evidence that 
candidate ability is effectively evaluated by MMIs conducted on both campuses. Additionally, candidates and 
faculty perceived the process positively. Given the focus on non-cognitive attributes during the admissions process 
and with the MMI being one part of this, it is anticipated that admitted students will be better prepared for the new 
curriculum, pharmacy practice experiences, and the practice of pharmacy after graduation. 
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TABLES 
 
Table 1. Candidate characteristics (n = 253) 
Characteristic  
Degree Status 
     Less than bachelor’s 
     Bachelor’s 
     Post-graduate 
 
7.1% (n = 18) 
85.9% (n = 219) 
6.3% (n = 16)  
Mean Age, Years 22.17 ± 3.41 
Gender 
     Male 
     Female 
 
33.7% (n = 86) 
63.5% (n = 162) 
Race 
     Asian 
     Black/African American 
     White 
     Two or More 
 
25.7% (n = 65) 
5.1% (n = 13) 
60.1% (n = 152) 
4.3% (n = 11) 
Mean Incoming Scores Mean ± SD 
PCAT composite 87.47 ± 11.51 
PCAT biology 84.92 ± 13.31 
PCAT chemistry 87.03 ± 12.59 
PCAT quantitative 78.48 ± 18.67 
PCAT verbal 78.15 ± 18.00 
Undergraduate GPA 3.54 ± 0.31 
SD: Standard Deviation 
PCAT: Pharmacy College Admissions Test 
GPA: Grade Point Average 
  
Table 2. Factor analysis loadings (principal components analysis with varimax rotation following the Kaiser rule) 
Factor 1 2 3 4 5 6 7 
Station Station 2 
Teamwork 2 
Station 7 
Why UNC 
Station 1 
Teamwork 1 
Station 4 
Adaptability 
Station 3 
Integrity 
Station 5 
Empathy 
Station 6 
Critical 
Thinking 
Construct 0.88 0.93 0.88 0.88 0.85 0.86 0.92 
Communication 0.88 0.91 0.85 0.82 0.85 0.80 0.83 
Critical 
Thinking 
0.86 0.85 0.87 0.89 0.84 0.84 - 
Overall 
Performance 
0.91 0.95 0.90 0.92 0.92 0.94 0.94 
% variance 
accounted for 
13.37 13.15 13.11 12.94 12.74 12.11 9.83 
 
 
 
 
 
Table 3. Intercorrelations and Reliabilities (Cronbach’s alpha) of MMI Constructs 
MMI Construct 1 2 3 4 5 6 7 
Station 1 (teamwork 1) (0.95) 0.62 0.20 0.26 0.16 0.18 0.21 
Station 2 (teamwork 2)  (0.96) 0.16 0.25 0.22 0.15 0.25 
Station 3 (integrity)   (0.93) 0.46 0.36 0.39 0.28 
Station 4 (adaptability)    (0.95) 0.37 0.30 0.33 
Station 5 (empathy)     (0.92) 0.35 0.16 
Station 6 (critical thinking)      (0.94) 0.27 
Station 7 (why UNC)       (0.95) 
 
 
  
Table 4. Candidate Perceptions of the MMI (n = 171)* 
Survey Item Mean ± 
SD 
Strongly 
Agree (%) 
Agree 
(%) 
The interviewers got to know me through the questions I answered.  3.5 ± 1.0 14.0 43.3 
The MMI allowed me to showcase communication, critical thinking, 
and opinion. 
3.9 ± 0.9 26.9 46.8 
Overall, I thought I did well in the MMI.  3.7 ± 0.8 11.7 56.1 
I had positive interactions with current students, faculty, interviewers, 
and staff. 
4.6 ± 0.5 61.5 36.7 
Candidates’ Day was a positive experience.  4.6 ± 0.6 56.5 42.4 
*SD indicates standard deviation. Likert scale items measured on a five-point scale ranging from (1) strongly 
disagree to (5) strongly agree. 
  
Table 5. Faculty Perceptions of the MMI Training and Implementation (n = 35)* 
Survey Item Mean ± 
SD 
Strongly 
Agree (%) 
Agree 
(%) 
MMI Training 
The interviewer training helped me understand the rationale for 
implementing the MMI.  
4.2 ± 0.9 34.4 53.1 
The interviewer training helped me understand the MMI process. 4.2 ± 0.9 40.6 50.0 
Watching or participating in role play of MMI stations as a part of the 
interviewer training helped me to better understand the MMI process.  
4.2 ± 0.7 31.3 53.1 
After the interviewer training, I understood my role as an interviewer.  4.1 ± 0.9 31.3 59.4 
MMI Implementation  
Participating in the group discussion with other interviewers the day of 
the MMI helped prepare me for my role as an interviewer. 
3.9 ± 0.7 16.1 58.1 
The prompting questions helped me assess the primary non-cognitive 
attribute being evaluated.  
4.0 ± 0.7 16.1 74.2 
I was able to effectively differentiate between applicants.  3.9 ± 0.6 12.9 71.0 
Every applicant had an equal opportunity to demonstrate the non-
cognitive attribute being assessed.  
4.1 ± 0.8 25.8 67.7 
Six minutes was enough time for me to assess the non-cognitive 
attribute I was evaluating.  
4.1 ± 0.8 29.0 61.3 
Two minutes was enough time for me to complete the evaluation form 
between applicants.  
3.7 ± 1.1 16.1 54.8 
The time commitment required to serve as an interviewer on 
Candidates' Day was reasonable.  
3.8 ± 0.9 19.4 58.1 
*SD indicates standard deviation. Likert scale items measured on a five-point scale ranging from (1) strongly 
disagree to (5) strongly agree. 
 
 
 
 
 
 
 
Table 6. Parameter Characteristics 
 Mean Outfit 
MnSq 
SE SD Separation 
Index 
Separation Index 
Reliability 
Chi Square 
Interviewer Severity .96 .16 .62 3.80 .94 701.9* 
Candidate Ability .99 .37 1.04 2.47 .86 1351.3* 
Station Difficulty .98 .06 .21 3.36 .92 73.4* 
SE = Standard error, SD = standard deviation 
*p<0.001 
 
Table 7. Rating Scale Characteristics 
Category 
Labels 
Number of times 
(%) used 
Average 
measure 
Outfit 
MnSq 
2 11 (1) -1.71 1.0 
3 388 (3) -1.2 .9 
4 90 (6) -.77 .8 
5 127 (9) -.21 .8 
6 211 (15) .15 .9 
7 264 (18) .76 1.2 
8 345 (24) 1.19 1.0 
9 274 (19) 1.69 1.1 
10 85 (6) 2.41 1.1 
  
Table 8. Candidate Demographics (n = 73)  
PCAT Score (Mean ± SD)  80.6 ± 17.7 
GPA (Mean ± SD) 3.5 ± .3 
Age (Mean ± SD) 22.1 ± 2.8 
Percent Female  69% 
Percent white  45% 
 
 
Table 9. Multiple-Mini Interview Station Scores 
 Mean Score SD Range 
Station 1 (teamwork 1) 6.18 1.97 2-10 
Station 2 (teamwork 2) 6.54 1.83 1-10 
Station 3 (integrity) 7.16 1.98 1.75-10 
Station 4 (adaptability) 6.72 1.83 2-10 
Station 5 (empathy) 6.55 1.83 2-10 
Station 6 (critical thinking) 6.74 2.25 2-10 
Station 7 (why UNC) 7.49 1.76 2.5-10 
SD = standard deviation 
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Figure 3. Variable map showing noncognitive ability measures for 214 candidates, estimated from MMI scores, 
interviewer severity, and station difficulty measures. All facets are positioned on a common equal-interval log-odds 
scale ranging from -3 to 4 logits. The horizontal dotted lines in the “Scale” column indicate the scale category 
thresholds, which illustrate the point at which the likelihood of receiving the next higher rating is equivalent to the 
likelihood of receiving the next lower rating.  
 
 
 
Figure 4. Sources of Variability in Candidates’ MMI Scores Based on the Three-Facet MFRM. 
 
Variance	Unaccounted	for	by	
MFRM	- 51.75%
Variance	Attributable	to	
Candidate	Ability	- 36.23%
Variance	Attributable	to	Rater	
Severity	- 9.06%
Variance	Attributable	to	Station	
Difficulty	- 2.96%
 
Figure 5. Variable map showing noncognitive ability measures for the 73 candidates estimated by the MFRM using 
MMI scores, interviewer severity, and station difficulty measures. Distributions of interviewer, or rater, and station 
data are also displayed in their respective columns. All data points are plotted on a common equal-interval logit 
scale from -3 to 2. The horizontal dotted lines in the “Scale” column indicate the scale category thresholds, which 
illustrate the point at which the likelihood of receiving the next higher rating is equivalent to the likelihood of 
receiving the next lower rating. 
 
